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ABSTRACT

Based on samples obtained in 2000-2002 from a 1-cm layer of surface sediment at two

sites in Bahía Concepción in the Gulf of California, cyst-theca relationships were defined

from cyst germination assays for Gonyaulax spinifera (= Spiniferites mirabilis ), Protoce-

ratium globosum, Preperidinium meunieri (= Dubridinium caperatum ), Protoperidinium

denticulatum (= Brigantedinium irregulare ), and Protoperidinium cf. thorianum. All the

taxa are illustrated with photomicrographs and descriptions of the resting and vegetative

stages are given, including synonymy, size variation, distribution in México, and global

distribution, when known. As a result of cyst germination assays, the previously unknown

cyst-theca relationship of P. globosum was described. Wealso confirmed the presence of the

vegetative stage of P. denticulatum in the Gulf of California and heterospory in G. spinifera

from Bahía Concepción. Cultures of G. spinifera and P. globosum were successfully

established.

Keywords: cyst-theca relationships, dinoflagellates, Gonyaulacales, Gulf of

California, Mexican Pacific, Peridiniales.

RESUMEN

Mediante ensayos de germinación se logró definir la relación quiste -teca de

Gonyaulax spinifera (= Spiniferites mirabilis), Protoceratium globosum, Preperidinium
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meunieri (= Dubridinium caperatum ), Protoperidinium denticulatum (= Brigantedinium

irregulare ) y Protoperidinium cf. thorianum. Los quistes se aislaron a partir del primer

centímetro de sedimento superficial de muestras colectadas durante el periodo 2000-

2002 en Bahía Concepción, Golfo de California. Los taxa identificados se ilustran con

microfotografias, se describe la morfología de los estadios quístico y vegetativo, y también

se incluye información sobre sinonimias, variación en talla y su distribución en México y

en el mundo. Los ensayos de germinación permitieron describir por primera vez la relación

quiste-teca de P. globosum ,
confirmar la presencia del estadio vegetativo de P. denticulatum

en el Golfo de California y de la heterosporia en G. spinifera. También se establecieron con

éxito cepas de G. spinifera y P. globosum.

Palabras clave: dinoflagelados, Golfo de California, Gonyaulacales, Pacífico mexica-

no, Peridiniales, relación quiste-teca.

INTRODUCTION

The life cycle of many dinoflagellates ineludes a motile flagellate stage and

a non-motile cyst stage. Dinoflagellate cysts can survive at low temperature, under

anoxic and dark conditions, and represent a key stage in the survival of a species and

its spatial dispersión over extended time periods (Hallegraeff & Bolch, 1992).

In recent years, morphological studies of dinoflagellate cysts by germination

experiments have been increasingly regarded as important in the classification of

modern dinoflagellates, elucidation of the role of cysts in their life cycle and survival

strategy, detection of harmful species seed beds, and determination of geographic

distribution and patterns of succession (Wall & Dale, 1966; Bolch et al., 1991; Koki-

nos & Anderson, 1995; Sonneman & ITill, 1997; Kremp, 2000; Ellegaard et al., 2001;

Ellegaard et al., 2002; Matsuoka et al., 2006). Morphology of resting cysts is re-

garded as an important character in species diagnosis, which at present is principally

based on the morphology of the vegetative stage (Montresor et al., 1993). However,

much confusión still exists regarding the taxonomic relationships of many resting

cysts and their corresponding motile stages (Sonneman & Hill, 1997). Additionally,

many of these species have two ñames because the cyst and motile stages were de-

scribed and named independent of one another by palynologists and phycologists,

respectively (Ellegaard et al., 2001). Weused the classification of living and fossil

dinoflagellates proposed by Fensome et al. (1993); in most cases we cited the biologi-

cal ñame, but both set of ñames, including authors, are sumarized in Table 1.
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Table 1. Cited ñames and authors of Gonyaulacales and Peridiniales, based on their motile

and cyst stages.

Order Biological taxon Cyst-based taxon

Gonyaulacales Gonyaulax digitalis (Pouchet) Kof. Bitectatodinium tepikiense Wilson

Gonyaulax membranácea

(Rossignol) Ellegaard et al.

Spiniferites membranaceus

(M. Rossignol) Sarjeant

Gonyaulax spinifera (Clap. et

Lachm.) Diesing

Nematosphaeropsis labyrinthus

(Ostenfeld) Reid

Spiniferites mir abilis (M.

Rossignol) Sarjeant

Tectatodinium pellitum (Wall)

Head

Lingulodinium polyedra (F. Stein)

J. D. Dodge

Protoceratium globosum Kof. et J.

R. Michener

Protoceratium reticulatum (Clap. et

J. Lachm.) Biitschli

(= Gonyaulax grindleyi Reinecke)

Operculodinium centrocarpum

(Deflandre et Cookson) Wall

Operculodinium israelianum

(Rossingnol) Wall

Operculodinium psilatum Wall

Peridiniales Preperidinium meunieri (Pavill.)

Elbr.

Dubridinium caperatum Reid

Protoperidinium avellana

(Meunier) Balech

Brigantedinium cariacoense

(Wall) Reid

Protoperidinium conicoides

(Paulsen) Balech

Brigantedinium simplex Wall

Protoperidinium denticulatum

(Gran et Braarad) Balech

Brigantedinium irregulare

Matsuoka ex Head

Protoperidinium cf. thorianum

(Paulsen) Balech

Scrippsiella trochoidea (F. Stein)

A. R.Loebl.

There are 1555 marine dinoflagellates species living today (Gómez, 2005) and

at least 180 of them produce organic-walled resting cysts (Head, 1996). The main
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morphological characteristics used to identify dinoflagellate cysts are the general

morphology of the body and ornamentation, structure and color of the wall, and

archeopyle type (Matsuoka & Fukuyo, 2000). In most cases the archeopyle is es-

sential to discrimínate between major taxa of dinoflagellates. However, living cyst

archeopyles are hard to see under light microscopy before germination, so it is dif-

ficut to use this character to identify morphotypes, particularly from the Gonyaula-

cales and Peridiniales because of their complex and very similar morphology. For

example, in the Gonyaulacales, heterospory led taxonomists to propose groups or

species complexes (Dale, 1983; Lewis et al., 1999). Whether the motile stages have

been underclassified or cysts overclassified, is under discussion (Taylor & Gaines,

1989; Ellegaard et al., 2003). The cysts of Protoperidinium Bergh and the Diplop-

salioideae are dominant heterotrophic groups in extant dinoflagellate benthic as-

semblages. However, most of their cysts are spherical and have a simple external

morphology. Therefore, they are very difficult to identify, except for the archeopyle

shape and position, and no information on tabulation can be inferred (Matsuoka et

al., 2006).

Studies of dinoflagellate cysts in México are scanty and carried out mainly

in the northwestern Coastal zone along the Pacific. In Bahia de Todos Santos on the

Pacific coast of the State of Baja California, 18 species of organic-walled dinoflagel-

late cysts were identified, with gonyaulacalean and peridinialean cysts being the

predominant morphotypes (Peña-Manjarrez et al., 2005). According to Martínez-

Hernández and Hernández- Campos (1991), the organic-walled peridinialean cysts,

represented mainly by Protoperidinium conicoides and P. avellana , were common

groups in the Gulf of California. In general, the gonyaulacalean cysts were scarce

within the Gulf and only Gonyaulax spinifera was frequent in the Guaymas basin

(middle región of the Gulf of California), particularly in phosphorus-rich sediments.

In Bahía Concepción (Fig.l), the calcareous Peridiniales and Gonyaulacales cysts

were the most abundant morphotypes, mainly represented by Lingulodinium poly-

edra and Scrippsiella trochoidea (Morquecho & Lechuga-De véze, 2003).

The thecal morphology of the vegetative stage of 17 Protoperidinium spe-

cies from the southwestern coast of México has been recently studied in detail by

Okolodkov (2005). However, some previously reported Peridiniales species had been

misidentified and the diversity of the group is underestimated (Okolodkov, 2002;

Okolodkov et al., 2003; Okolodkov & Gárate-Lizárraga, 2006). The taxonomy of

the genus Gonyaulax Diesing and Gonyaulacales in general has not been studied

in detail in México and some species had also been misidentified (Okolodkov &
Gárate-Lizárraga, 2006).
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Studies of dinoflagellate benthic cysts in any given area can reveal species

not previously found in the water column because the vegetative stage is rare, short-

lived, or difficult to identify. The objective of this survey was to establish cyst-theca

relationships in selected Gonyaulacales and Peridinales species in Bahía Concep-

ción in the Gulf of California.

MATERIALANDMETHODS

Sediment samples were collected every 15 days from January 2000 to De-

cember 2001, and from April to June 2002 with a gravity corer equipped with plástic

tubes (20 cm long, 1.3 cm diameter) at two sites in Bahía Concepción (Fig. 1). The

Fig. 1. Sampling sites (black circles) in Bahía Concepción, Gulf of California during 2000-

2002. The stippled area indicates green mud (Meldahl et al., 1997).
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samples were wrapped in aluminium foil and stored in the dark at 20 ± 3 °C until

examination. The water column was 27-30 mdeep and the sea floor was composed

of mud (Meldahl et al., 1997) that experienced seasonal eutrophication (Lechuga-

Devéze et al., 2001; Morquecho & Lechuga-Devéze, 2004). Abundance and cyst

assemblages of recent sediments in Bahía Concepción were compiled by Morquecho

& Lechuga-Devéze (2003). Seasonal variations in the phytoplankton community,

particularly in meroplanktonic dinoflagellates and physico-chemical characteris-

tics of the water column during the sediment collection period were described by

Morquecho and Lechuga-Devéze (2004).

To define cyst-theca relationships, the uppermost centimeter of each sample

was processed by the method for cleaning and concentrating cysts described by

Matsuoka et al. (1989) and Matsuoka & Fukuyo (2000). The sediment was gently

sonicated for 5 min. with an ultrasonic cleaner (Branson Ultrasonics, Danbury, CT,

USA), filtered through a 100-pm mesh sieve to remove large sediment partióles,

and then filtered through a 20 -pin mesh sieve and washed with filtered seawater.

Samples were stored in 15-ml plástic tubes. Aliquots of 1-1.5 mi were studied with

an inverted Cari Zeiss Axiovert 100 microscope (Oberkochen, Germany) equipped

with 40x/0.60 and 63x/0.90 phase contrast objectives. The entire Utermóhl píate

chamber bottom was scanned to look for and isolate living cysts.

Single live cysts were isolated with a micropipette, rinsed with sterile seawater,

and placed in 24-well culture plates previously filled with 2 mi GSe(Doblin et al., 1999)

or modified f/2 (Bravo & Anderson, 1994) culture media without silicates. After seal-

ing the plates with plástic tape to prevent evaporation, the plates were incubated at 20 ±

3 °C and 25 ± 1 °C on a 12:12 h darkdight cycle with light intensity of 40.7 pE nrV 1
.

Cysts were examined regularly under the inverted microscope to detect ger-

mination. Experiments in which cysts did not germinate within 15 days were dis-

carded. After germination, vegetative cells were re-isolated and fixed with acidic

Lugol’s solution. For píate pattern identification, the cells were placed on a slide and

treated with a diluted sodium hypochlorite solution and theca stains, trypan blue

(Lebour, 1925) and iodine (Imamura & Fukuyo, 1987).

Observations of empty cysts and vegetative cells were first made under bright-

field and phase-contrast illumination with the inverted microscope and then with a

compound microscope equipped with a 2x U-ECA magnification changer, using

10x/0.25 and 40x/0.65 phase contrast objectives (Olympus BX41, Tokyo, Japan).

Photographic records of live and empty cysts and vegetative cells were made with

a Media Cybernetics CoolSnap-Pro digital camera (Silver Spring, MD, USA) and

Image-Pro Plus versión 4.0 (Silver Spring, MD, USA) imaging software.
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The ñames of the Mexican States were abbreviated: Baja California Sur

(B.C.S.), Baja California (B.C.), Sonora (Son.), Sinaloa (Sin.), Nayarit (Nay.), Jalisco

(Jal.), Colima (Col.), Michoacán (Mich.), Guerrero (Gro.), Oaxaca (Oax.), Chiapas

(Chis.), and Veracruz (Ver.). The ñames of the thecal plates were abbreviated accord-

ing to the Kofoid tabulation system as follows: first apical píate (T), first intercalary

píate (la), second intercalary píate (2a), first precingular píate (1"), and second pre-

cingular píate (
2

"). Abbreviations of authors of scientific ñames were used according

to Brummitt and Powell (1992), unless they were not listed in the book.

RESULTS

From cyst germination assays, we observed cyst-theca relationships and ger-

mination patterns for five dinoflagellate species. It was not possible to establish cul-

tures from germination assays of the organic-walled Peridinialean cysts; only a few

vegetative cells were obtained. Three strains of Gonyaulacales were successfully

established and have been maintained since 2002.

A. Gonyaulacales cyst-theca relationships

Gonyaulax spinifera (Clap. et J. Lachm.) Diesing, 1866 (Figs. 2-12)

Bas.: Peridinium spiniferum Clap. et J. Fachm., 1858.

Cyst stage: Tectatodinium pellitum are proximate cysts with a spherical body

(30.9-49 pm, n = 3), and lack spines (Fig. 2). The cyst wall is weakly pigmented

and consists of a thin pedium and a thicker spongy luxuria. The external surface of

the luxuria has a roughened texture. The archeopyle is precingular and formed by

the loss of the 3" píate (Figs. 3 and 4). The archeopyle margin is irregular, but with

adcingular angles well defined.

Taxonomic note: Germinated cysts match the size and morphological char-

acteristics of the holotype of T. pellitum Wall, emended by Head in 1994, as well as

with the specimens germinated by Wall & Dale (1968). The slight apical protuber-

ance included by Head (1994) in the emended diagnosis was observed in only some

specimens (not shown on the photographic píate).

Motile stage: Cells germinated from T. pellitum cysts are conical, large (37-

63 pmby 30-50 pm, n = 5), slightly longer than broad with an apical horn and two

antapical spines (Figs. 7-9). The sides of the epitheca were straight to convex, form-
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Figs. 2-17. Cyst-theca relationships of Gonyaulacales isolated from Holocene sediments in

Bahía Concepción in the Gulf of California. (2-9) Gonyaulax spinifera germinated from

Tectatodinium pellitum cyst: (2) living cyst, (3, 4) empty cyst with archeopyle (arrow),

(5) vegetative cell in ventral view, (6) vegetative cell showing cingular displacement, (7)

vegetative cell in dorsal view, (8, 9) empty theca showing antapical spines. (10-12) Gonyaulax

spinifera germinated from Spiniferites mir abilis cyst: (10) living cyst, (11) empty cyst with

archeopyle (arrow), (12) vegetative cell showing antapical spines. (13-17) Protoceratium

globosum : (13) living cyst, (14) empty cyst with archeopyle (arrow), (15) vegetative cell

in dorsal view showing the ventral pore (arrow), (16) epitheca showing the Po píate, (17)

hypotheca. Scale bars = 20 pm.
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ing broad shoulders at one-third the distance from the apex. The hypotheca have

straight sides and rounded antapex. The girdle is deeply excavated, descendent with

overhanging ends, displaced by 2 to 3 times its width. The plates are thick and heav-

ily ornamented. It was impossible to culture this species; growth was unstable and

irregular and very few vegetative cells survived for a short time.

Taxonomic note: Wall & Dale (1968, pl.l Figs. 11 and 12) also established the

correlation between cysts of T. pellitum with G. spinifera and cell size and morpho-

logical characteristics, particularly the cingulum displacement and presence of two

antapical spines, that match the specimens described in this study.

Cyst stage: Spiniferites mirabilis is a chórate cyst with an ovoid to spherical

central body (35 pm in diameter, n = 1) and a number of valíate, hystricate, and an-

theriform processes (Figs. 10 and 11). The girdle width was 5.2 pmand the height of

the processes 7.9 to 15.7 pm. The antapical región has a prominent flange that extends

distally to form several proceses (Fig. 10). The quadrangular archeopyle is located on

the dorsal epicyst and reflects the loss of the 3' pre-cingular paraplate (Fig. 11). The

cyst wall is transparent and the cytoplasm has a red stigma that is clearly visible.

Taxonomic note: The morphology of our cyst is very similar to the specimens

described by Wall and Dale (1968, Pl. 1 Fig. 10) and Reid (1974, Pl. 4, Figs. 32, 33,

and 34), except the size. The germinated cyst from Bahía Concepción is smaller com-

pared with the measurements of 26 x 40 to 42 x 59 pmreported by Reid (1974).

Motile stage: The cell germinated from S. mirabilis is rhomboidal (44.5 pm x

38 pm, n = 1) has a short apical horn and a variable number of small antapical spines,

two of them prominent (Fig. 12). The girdle is displaced by two girdle widths with

an overlap of at least one third of the width of the cell. The thecal plates are heavily

ornamented with a reticulated pattern. Culture of this species in GSe médium was

successful.

Taxonomic note: Preliminary observations of the theca with light microscopy

led to recognition of this dinoflagellate as G. spinifera. A scaning electrón microscopy

analysis will be conducted to corrobórate this. Gonyaulax membranácea produce cysts

very similar to G. spinifera (Reid, 1974), therefore a careful observation of the theca,

particularly ornamentation and reticulation pattern is needed (Ellegaard et al., 2003).

Distribution in México (based on the motile stage): West coast of Baja Cali-

fornia Peninsula, B.C.S., Son., Sin., and Nay. bordering the Gulf of California and

Jal., Col., Oax., and Chis. (Okolodkov & Gárate-Lizárraga, 2006) bordering the

southwestern coast of México on the Pacific.

Global distribution (based on the motile stage): The G. spinifera complex has

a panthalassic distribution, having been reported in almost all Arctic marginal seas,
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North Atlantic, the Mediterranean, tropical and températe waters of the Pacific,

Atlantic, and Indian oceans, the Drake Passage, and to the NE of the Ross Sea,

Antárctica. Cysts may contribute up to 100% of the dinoflagellate cyst assemblages

in surface sediments in northern and Southern températe waters and tropical waters

(Marret & Zonneveld, 2003).

Protoceratium globosum Kof. et J. R. Michener, 1911 (Figs. 13-17)

Cyst stage: Proximochorate type with a spherical body (30-35 jam long, n = 3).

The cyst wall is transparent and covered with numerous short (3. 3 -4. 7 pin), transpar-

ent, hollow, and wide-based conical processes ending as sharp points (Figs. 13 and

14). The saphopylic archeopyle results from the loss of the 3
" píate. The archeopyle

angles are slightly rounded.

Taxonomic note: The cyst of P. globosum is very different from Operculo-

dinium centrocarpum. The main differences are in shape and length of the processes,

as well as the archeopyle shape. In O. centrocarpum
,

the processes are longer

and can be slender to stout, with simple capitate or minutely hooked tips, and the

archeopyle has a subtriangular to trapezoidal aperture (Wall & Dale, 1968; Reid,

1974; Sonneman & Hill, 1997). Wall & Dale (1968) and Rochon et al. (1999) reported

that Protoceratium reticulatum produces more than one morphologically distinct

kinds of resting spores that correlates with the fossil species O. centrocapum, O.

israelianum
,

and O. psilatum. The latter is different from our specimen, despite

possessing processes similar in length (2-3 pm), which are fewer and have a girdle

zone and ventral sulcal scar that is prominently developed.

Motile stage: The cells are polygonal and rounded (38.5-46.2 pm in dia-

meter, n = 18). The theca is thick and deeply aerolate (Figs. 15-17). The po píate

is oval, has a curved cavity, and is surrounded by three apical plates. The girdle

displacement about one girdle width. In ventral view, the epitheca shows a large

ventral pore on the V píate (Fig. 15). Two strains were successfully established and

maintained with GSe nutrient médium.

Taxonomic note: Although Kofoid and Michener (1911) did not illustrate their

new species, our specimens are a good match with their description. P. globosum

differs from P. denticulatum in having a more rounded or globular shape (epitheca

and hipoteca is more or less equal in size), and the cingulum list are less developed.

Okolodkov and Gárate-Fizárraga (2006) also observed these differences and that the

intercalary píate is wider in samples collected in several localities along the Mexican

Pacific. Weidentified P. reticulatum in Hargraves & Maranda (2002: Fig. 20) and in
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Figs. 18-33. Cyst-theca relationships of Peridiniales isolated from Holocene sediments in

Bahía Concepción in the Gulf of California. (18-23) Preperidinium meunierv. (18) living

cyst, (19) empty cyst with archeopyle, (20) vegetative cell in ventral view, (21, 22) epitheca

in apical view, (23) sulcal plates. (24-27) Protoperidinium denticulatum : (24) living cyst,

(25) empty cyst with archeopyle, (26) a newly excysted vegetative cell (45.7 x 42.3 pin) with

flagella completely developed and swamslowly near the empty cyst, (27) a pair of vegetative

cells in dorsal view. (28-33) Protoperidinium cf. thorianum : (28) living cyst, (29) empty cyst

with archeopyle (arrow), (30, 31) vegetative cell in ventral and dorsal views, (32) epitheca,

(33) sulcal plates. Scale bars =10 pm.
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Vargas-Montero and Freer (2002: Fig. 4A) and Gonyaulax grindleyi in Faust et al.

(2005: Figs. 2-5) as P. globosum.

Distribution in México (based on the motile stage): Okolodkov & Gárate-

Lizárraga (2006) reported P. globosum from Jal., Col., Mich, Gro., and Oax.

Global distribution: This is unknown. The species has been reported and

documented with illustrations from the northeastern coast of the United States,

Costa Rica, and the Mexican coast on the Pacific (Hargraves & Maranda, 2002;

Vargas-Montero & Freer, 2002; Faust et al., 2005; Okolodkov & Gárate-Lizárraga,

2006).

B. Peridiniales cyst-theca relationships

Preperidinium meunieri (Pavill.) Elbr., 1993 (Figs. 18-23)

Bas.: Peridinium meunieri Pavill., 1912; non Peridinium meunieri N. Peters, 1930.

Tax. syn.: Diplopsalis lenticula (Bergh) f. minor Paulsen, 1907; Peridinium lenticu-

latum L. Mangin, 1911; Peridinium paúl seni L. Mangin, 1911; Diplopeltopsis minor

(Paulsen) Pavill., 1913; Diplopsalis minor (Paulsen) Paulsen, 1930; Glenodinium

lenticula (Bergh) Pouchet f. minor (Paulsen) J. Schill., 1937; Zygabikodinium len-

ticulatum Loebl. et A. R. Loebl., 1970; Dubridinium caperatum P. C. Reid, 1977

(cyst stage); Diplopsalopsis minor (Paulsen) T. H. Abé, 1981.

Cyst stage: The Dubridinium caperatum cyst is lenticular in ventral view,

dark brown in color (Figs. 18 and 19), parasulcus and paracingulum, and apical pore

complex are easily observed (not shown in the photographic píate). The cyst wall

consists of a loose, thin, wrinkled outer layer and a thicker, inner layer with a finely

granulated surface. The archeopyle is theropylic; the operculum comprises all of the

epicystal paraplates and always remains attached (Fig. 19). Length 35-48 pin, width

41-54 pin (n = 5).

Taxonomic note: The general characteristics and dimensions of the cysts and

archeopyle match descriptions given by Wall & Dale (1968) and Sonneman & Hill

(1997).

Motile stage: The cell is lenticular in ventral view and circular in apical view.

The pitheca and hypotheca are similar in size and shape (Fig. 20). The Y píate is or-

tho, with the anterior triangle longer than the posterior one. The la píate is small and

rhomboid, while the 2a píate is large, occupying almost half of the epitheca (Fig. 21).

The pore complex consists of an elliptical pore píate and a small rectangular canal

píate. The cingulum is circular, planozone, with well developed lists and ribs. Some
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cells show unusual sutures (Figs. 21 and 23). Píate formula: Po, x, 3', 2a, 7", 3c, 5s,

5 Y Length 26-36 pm, width 43-54 pm, depth 42-50 gm (n = 3).

Taxonomic note: Infraspecific variations in tabulation pattern of P. meunieri

are likely related to accidental events during ontogénesis and were observed (not

shown).

Distribution in México (based on the motile stage): Gulf of California (B.C.S.),

Jal. (Morquecho & Lechuga-Devéze, 2003, 2004; Okolodkov & Gárate-Lizárraga,

2006).

Global distribution: A panthalassic species reported from the Arctic Ocean,

Chukchi, Kara, Barents, and White Seas, northoreast Atlantic, Baltic, North, Black,

and Mediterranean Seas, tropical areas of the Pacific, Atlantic, and Indian Oceans,

Australian and Argentinian Coastal waters, the Bellinghausen, Weddell, and Ross

Seas (Okolodkov, 1998; unpubl. observ.).

Protoperidinium denticulatum (Gran et Braarud) Balech, 1974 (Figs. 24-27)

Bas.: Peridinium denticulatum Gran et Braarud, 1935.

Cyst stage: Brigantedinium irregulare cyst is spherical, smooth, and dark

brown in color (Fig. 24). The archeopyle is theropylic, hexagonal, laterally elon-

gated, and formed by the loss of the la and 2a paraplates (Fig. 25). Diameter 40-45

gm (n = 2). Germination occurred 62 h after isolation and inoculation (Fig. 26).

Motile stage: Asexual cell división resulted in unequal vegetative cells of P.

denticulatum (Fig. 26). It has a pentagonal shape in ventral view, that is short and

wide. The epitheca is conical, with a wide base and almost straight sides and a dis-

tinctive slit grove at the apex. The T píate is ortho\ there are only two intercalary

plates. The girdle cavozone, with descending one girdle -width displacement. The

sulcus is deep. Cells frequently occur in pairs (Fig. 27). Length 23.8 gm, width 39.4

gm (n = 2).

Taxonomic note: The morphological characteristics of the cyst of P.

denticulatum from Bahía Concepción closely match the descriptions given by Gran

& Braarud (1935), Wall & Dale (1968), and Sonneman & Hill (1997). The first authors

also germinated cysts and obtained paired cells morphologically very similar to those

described in fifis study. However, the cells reported by Wall & Dale (1968) are longer

(50-60 gm).

Distribution in México: Cysts: Bahía Concepción, Gulf of California

(Morquecho & Lechuga-Devéze, 2003). Motile stage: Cabo Corrientes, Jal. (Okolod-

kov & Gárate-Lizárraga, 2006), Ver., Gulf of México (Okolodkov, 2008).
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Global distribution (based on the motile stage and cysts): Neritic, broad rang-

ing species in the North Atlantic, Laptev and Chukchi Seas in the Arctic, Sea of Ja-

pan, Chinese Coastal waters, Southern Gulf of México, the Mexican subtropical and

tropical Pacific and the SWAtlantic (Balech, 1988; Nehring, 1994, 1995, 1997a, b;

McQuoid et al., 2002; Wang et al., 2004a, b).

Protoperidinium cf. thorianum (Paulsen) Balech, 1974 (Figs. 28-33)

Cyst stage: Spherical, not ornamented, dark brown color (Fig. 28). The ar-

cheopyle theropylic, hexagonal; operculum remains attached (Fig. 29). Diameter 58

pm (n = 1).

Taxonomic note: Cyst of P. thorianum described by Sonneman and Hill (1997)

is morphologicaly similar to specimen in this study. Similarly, the operculum re-

mains attached to the cyst and the diameter of the specimen from Bahía Concepción

approximates the size mentioned by these authors (45-55 pm).

Motile stage: Pentagonal in ventral view, it has conical epitheca and hypoth-

eca with two short conical horns. The P píate is ortho; its right suture is longer than

the left one and is curved near the cingulum (Figs. 30 and 31). Only two intercalary

plates are present, hexagonal and similar in size. The pore píate is long, elliptic,

extending into the 3' píate and the canal píate is as long as the pore píate (Fig. 32).

Girdle cavozone, descending, with a two girdle width displacement and slightly

overhanging ends. The sulcus is deep (Fig. 33). Length 57 pm, width 54 pm (n = 1).

Taxonomic note: The vegetative cell of P. cf. thorianum that we examined is

similar to the original description of P. thorianum in its tabulation pattern and the

right suture of the P píate. However, our specimen lacks a papillated surface and has

a deeper sulcus. This variation suggests that our specimen represents a variety of the

species; confirmation with cyst germination assays should be done. The vegetative

stage of P. thorianum has been reported in the Gulf of California only by Licea-Du-

rán et al. (1995) and Hernández-Becerril (1988, 1991). It can be confused with P. avel-

lana, which does not have a rugóse surface and has a narrower sulcus and a median

cingulum (Steidinger & Tangen 1997). Additionally, the archeopyle in the P. avellana

cyst has a characteristic hexagonal form, which is an important taxonomic feature.

Distribution in México (based on the motile stage): Protoperidinium thori-

anum occurs in the Gulf of California (B.C.S., Sin.), and Jal. and Mich. along the

Pacific (Okolodkov & Gárate-Lizárraga, 2006).

Global distribution (based on the motile stage): P. thorianum is a neritic cos-

mopolitan species found from Tierra de Fuego to Baffin Bay in the Atlantic, from
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southeast Australia to the Bering Strait in the Pacific, from Greenland across to

Alaska in the Eurasian arctic, and in the northern Indian Ocean (Dogde, 1982; Son-

neman & Hill, 1997; Steidinger & Tangen, 1997).

DISCUSSION

Gonyaulacales and Peridiniales are among the most important microphyto-

plankton components globally (Gómez, 2005). The taxonomy of these orders is par-

ticularly difficult, but studies of cyst-theca relationships have greatly helped to define

species composition in several places around the world (Lewis, 1990; Zonneveld &
Dale 1994; Montresor et al., 1997; Kremp, 2000; Ellegaard et al., 2002; Matsuoka et

al., 2006). The photographic record of germination patterns presented in this survey

is of particular importance. It documents, for the first time, Protoceratium globosum

as a cyst-producing species. Additionally, confirming the Protoperidinium denticu-

latum cyst-theca relationship allowed us to demónstrate cyst viability and presence

of the vegetative stage in the Gulf of California.

Morquecho & Lechuga-Devéze (2003) reported empty cysts of P. denticu-

latum in Bahía Concepción; therefore, the global distribution of this species also

ineludes subtropical areas. The vegetative stage of P. denticulatum is extremely rare

along the Mexican coast of the Pacific; formerly found in phytoplankton samples

collected at Cabo Corrientes (Okolodkov & Gárate-Lizárraga, 2006). This species

appears to have spread to new areas, where it exists for only a short time in the mo-

tile stage before eneysting rapidly and spending most of the time in the cyst stage.

The germination assays let us demónstrate heterospory in the resting stage

of Gonyaulax spinifera from Bahía Concepción because more than one cyst was

attributed to this species. However, it is clear that an accurate taxonomic revisión

involving scanning electrón microscopy, molecular biology, and life eyele studies are

required (see Matsuoka et al., 2006). Because of so-called heterospory, the resting

stage of G. spinifera has received several paleontological ñames, including Spinife-

rites mirabilis, Tectatodinium pellitum, Nematosphaeropsis labyrinthus, Bitectato-

dinium tepikiense. Even more cysts with other paleontological ñames are related with

the G. spinifera complex as a biological affinity (Head, 1996; Rochon et al., 1999).

However, the ñames cannot be synonymous because the taxa produce morphologi-

cally different types of cysts that most likely correspond to different species of the

G. spinifera complex (Martin J. Head, pers. comm., February 2007). Ellegaard et al.

(2003) demonstrated that motile stages obtained from germinating several Spinife-
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rites cysts and B. tepikiense, which were previously attributed to the G. spinifera

complex, belong to distinct species of the genus Gonyaulax, which in the motile

stage, show small morphological differences, but relatively high genetic divergence.

For cyst germination assays, it is important to consider the culture media for

heterotrophic dinoflagellates; some species require organic compounds that could

be supplied with the addition of specific Chemical substances (urea or glycerol) or

the use of live food, such as other algae (diatoms and cynobacteria). In this survey,

in all the cases where organic -walled Peridiniales cysts germinated, successive divi-

sión of vegetative cells failed and only survived for a few days. Additionaly, it was

impossible to examine the theca of G. spinifera germinated from T. pellitum, P.

denticulatum, and P. cf. thorianum in detail because establishing the culture failed.

Similar inconveniencies were also reported by Ellegaard et al. (2003), in cultures

of Gonyaulax species that showed only short periods of survival. Additionally, the

empty cysts of P. globosum were lost when we tried to isolate them from the multi-

dish píate. Cultures that are successfully established would permit experiments to

induce cyst production for accurately describing their morphology and study the

vegetative growth and influence of temperature and salinity on cyst morphology.

Spherical brownish and Gonyaulacales cysts in sediments of Bahía Concep-

ción are a component of the cyst assemblage and contribute to diversity of dinofla-

gellate species in the bay and the Gulf (Martínez-Hernández & Hernández-Campos,

1991; Morquecho & Lechuga-Devéze, 2003). In this survey and the initial research

of Morquecho & Lechuga-Devéze (2003), only ten particular cyst-theca relation-

ships were described. However, it is highly probable that other unreported species

with similar morphotypes exist.

In summary, this survey presents qualitative features of cysts within the or-

ders Gonyaulacales and Peridiniales found in an important bay within the Gulf of

California. Establishing the cyst-theca relationships and the illustrations of the ger-

mination patterns provide useful taxonomic information on dinoflagellate species

from the Gulf of California. It is clear that a complementary study involving cultur-

ing of these species under controlled conditions, molecular techniques, scanning

electrón microscopy, and life cycle description is needed.
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